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S2. Three-electrode electrochemical setup
For all electrochemical experiments, a two-compartment three-electrode electrochemical cell was used to perform carbon dioxide (CO 2 ) reduction reaction. The synthesized MoS 2 NFs [3] coated on glassy carbon (GC) substrate, Platinum (Pt) gauze 52 mesh (Alfa Aesar) and Ag/AgCl (BASi)
were used as working, counter and reference electrodes, respectively. Pure CO 2 gas (99.99%, Praxair) was bubbled into different prepared electrolytes for 30 minutes before each experiment. Intensity (a.u.)
Raman Shift (cm -1 )
(b)
All potentials were converted to the Reversible Hydrogen Electrode (RHE) using Equation S1
considering the pH of the solution. Product characterization was carried out using an SRI 8610C GC system equipped with 72 ×18 inches S.S molecular sieve-packed column and a thermal conductivity detector (TCD). Ultrahigh purity helium and nitrogen gasses (99.99% purchased from Praxair) were used as the carrier gas for CO and H 2 detection, respectively. For product characterization, chronoamperometry measurements were performed for the desired time (~15 mins) and 1 mL samples were taken out from the dead volume of the cell using a lock-in syringe (Hamilton) and injected into the Gas chromatography system under identical conditions. Faradic efficiency measurements were calculated using Equation S2. The overall F.E. of 90%±5 was calculated at potential window of -0.2 to -0.8 V vs. RHE for our studied catalysts systems.
Potential in RHE=
Supporting Figure 6 shows the CO partial current density at the cell potential of -0.8V for different electrolytes. Results indicate that the hybrid electrolyte of choline chloride (1:1) shows the highest partial CO formation current density among tested electrolytes. 
S4. Electrochemical impedance spectroscopy (EIS)
EIS experiments were performed inside a two-compartment three-electrode electrochemical cell comprised of MoS 2 as the cathode, platinum (Pt) gauze 52 mesh (purchased via Alfa Aesar) as the anode and Ag/AgCl (3M KCl, purchased from BASi) as the working electrode.
Supporting Figure 7. Electrochemical impedance spectroscopy (EIS) measurement for MoS 2
NFs inside different electrolytes.
The Nyquist plot for CO 2 reduction at the cell potential of -2.0V was recorded at a small (10 mV) AC voltage amplitude (to avoid the nonlinearity) and over a frequency range of 10 to 10 5
Hz using a Voltalab PGZ100 potentiostat. [4, 5] Supporting Figure 7 shows the obtained Nyquist plots and fitted curves for MoS 2 in different electrolytes at the cell potential of -2.0 V.
S5. Flow cell for continuous CO 2 reduction reaction
The electrocatalytic activity of MoS 2 catalyst as the cathode, Iridium oxide nanoparticles (IrO 2 NPs) as the anode side and the electrolyte with the ratio of 1M choline chloride and 1M KOH were studied in a flow cell (Supporting Figure 8 ).
Supporting Figure 8.
A schematic of flow cell for continuous CO 2 reduction reaction.
The cathode and the anode were coated on GDEs with their respective catalysts. 10 mg of MoS 2 nanoflakes (100 nm) was mixed in a solution of 0.6 mL isopropanol, 0.6 mL DI water, and 0.01 mL of 1100 EW 5% Nafion solution (DuPont). [6] The solution was then sonicated for 5 minutes before being applied into an area of 1.25 cm 2 on the GDE using a paintbrush. The same procedure was adapted for the anode catalyst, except that 10 mg of IrO 2 nanoparticles (50 nm, Alfa Aesar) were utilized in place of the MoS 2 . The cathode and anode were in contact with their respective aluminum current collectors. These also served as gas channels to flow CO 2 into the reactor at the cathode, and to flow O 2 out from the reactor at the anode. A mass flow controller (Sierra Instrument, model SmartTrack 50) connected to the top gas channel through a 2 mm dia.
stainless steel tube, was used to supply the CO 2 at 5 mL min -1 flow rate.
S6. Chronoamperometry results of flow cell experiments
The chronoamperometry (CA) mode was used to study the performance of the flow cell reactor by applying different cell potentials (potential difference between cathode and anode) and reading the current at the same time. The cathode potentials were also monitored during the 
S7. Resistance measurement of flow cell
To calculate the internal cell resistances during the electrochemical process we performed EIS experiment of the flow cell at different applied potentials such as -1.5, -1.6, -1. 
S8. Product Analysis of flow cell experiments
The exit of gas channel was connected to the GC for gas detection through an external 3-port valve (provided by SRI). The product stream analysis as shown in Supporting Figure 11 indicates that the CO is the main product at different applied potentials (-1.5 to -2V) with an overall F.E. of 93±5%. The F.E. of the reactor at different applied potentials was measured by using Equation S2. As shown in Supporting Figure 11 the average CO F.E. of ~91% and H 2 F.E. of ~2% were obtained at the different cell potentials. Moreover, the results for 13 C NMR is shown in Supporting Figure 12c . In both spectra three distinguished peaks of choline chloride were observed. The peak located at 53.88 ppm correspond to -CH 3 group where the -CH 2 group peaks appeared at 55.59 and 67.41ppm. In both spectra, one last peak appeared at 160.9 ppm which represents bicarbonate (HCO 3 -) group. [7] [8] [9] Comparison between the two NMR spectra verifies the stability of prepared electrolyte. The results indicate that concentrations of both cations remain fairly constant confirming the stability of electrolyte as well as a charge neutrality during the electrochemical process.
Supporting

S11. Performance of the TJ-PV cell at different sun illuminations
For the standalone self-operating process, the reactor was connected to a triple junction photovoltaic (TJ-PV) solar cell (Supporting Figure 14 ) in order to power the reactor with solar energy. A DC/DC regulator was used to adjust the potential generated by the PV cell to the value required by the reactor (-1.5 to -2.0V). The PV cell was characterized by connecting the PV cell to the potentiostat. Supporting Figure 14 shows i-V curves of the cell obtained at different sun illuminations. The results show that at one sun illumination the TJ-PV cell generates a photocurrent of 182.5 mA suggesting a total efficiency of 28.5% that is 2.26% less than maximum TJ-PV cell efficiency (29.1%). 
S12. Solar to fuel efficiency of the solar-driven flow cell
The solar to fuel efficiency of the flow cell was calculated by using Equation S3:
SFE= TJ-PV cell efficiency × flow cell efficiency (Equation S3)
Where the TJ-PV cell efficiency is 28.5% and the flow cell efficiency is calculated by using Equation S4 as follow:
The flow cell efficiency was also calculated at different cell potentials and its corresponding F.E ( Figure 2b of the main manuscript).
S13. Density Functional Theory (DFT) calculation
S13.1. Computational setup and details
The computational set up for density functional theory (DFT) calculations and ab-initio Climbing image nudged elastic band (CI-NEB) method [10, 11] was employed to investigate the The solvation corrections to the total potential energies for the above processes were calculated by adding H 2 O solutions. The free energy corrections at 298 K were calculated based on the vibrational frequencies of the specific species. The vibrational frequencies were obtained with finite displacement method within the harmonic approximation. The zero-point energies (ZPEs), enthalpy (H) and entropy (-TS) contributions to the free energy corrections were calculated from these frequencies with standard methods.
[12]
S13.2. CO 2 exchange step
The complete potential energy landscape of different stages for CO 2 exchange process are presented in Supporting Figure 15 . The CO 2 equilibrium exchange process is achieved by the exchange between CO 2 and HCO 3 -ion, with one extra H 2 O molecule participating. This is similar to the mechanism proposed by Dunwell et al. [13] This mechanism allows CO 2 Bader charge analysis [14] [15] [16] [17] was applied to the initial state configuration to study the charge distribution for different groups. The results show that in the initial state, the H 2 O group and the CO 2 group carry 8.026498 and 16.031577 electrons, respectively, showing they are charge-neutral molecules. The HCO 3 group takes 23.941926 electrons, which is nearly 1 more electron than its charge-neutral state, indicating that we have a HCO 3 -ion in the system. This also confirms that adding one extra electron into the system and performing structural relaxation would be able to recover the charge-carrying ions in the system. 
S13.3. *COOH formation
Supporting Figure 17 shows the complete potential energy landscape and corresponding atomic configurations for *COOH formation process with proton transport across 2 H 2 O molecules. The initial state shows that *CO 2 is adsorbed on the MoS 2 surface with its C atom and one O atom attached to two neighboring Mo atoms, and the other O atom pointing outward, which is in a similar configuration with a previous study.
[ 18] One Figure 18 shows the potential energy landscape with the corresponding solvated structures for the initial, Table 2 , A free energy barrier of 0.2072 eV is shown for this specific *COOH formation mechanism. Another mechanism for *COOH formation was also explored in which *COOH was formed 
Supporting
S13.4. *CO formation (*COOH C-OH bond breaking)
After the formation of *COOH, the C-OH bond breaks to produce *CO. Two mechanisms were explored for this. Supporting Figure 20 shows the mechanism of direct C-OH bond breaking 
S13.5. K binding to MoS 2 surface
The interactions between K atoms and MoS 2 surfaces were explored, and the relaxed structure is shown in Supporting Figure Figure 4 in the main text). This structure was used to explore the MoS 2 catalytic properties.
S13.6. CO coverages and binding energies
The produced CO should be desorbed from the MoS 2 surface to facilitate the subsequent reduction reactions. We calculated the binding free energies between CO and MoS 2 to how difficult it is for CO to be released. sections. However, when calculating the free energies of the isolated CO molecules, we considered all translational, rotational and vibrational degrees of freedoms. Since in our experiments, the overall Faradic efficiency is 90% ± 5% (see Supporting Figure 5 ), we consider the Fugacity of CO to be 1 atm. The standard models (11) were used to calculate the free energy terms of an isolated CO molecule at 298 K temperature and 1 atm Fugacity. It should also be noted that when calculating the potential energy of an isolated CO molecule, a correction of -0.51 eV was added to our DFT output. This is due to the systematic errors introduced by using PBE exchange-correlation functional to describe the isolated molecules. [19] Supporting The energy results are presented in Supporting Table 4 . We observe that under 1 ML coverage the average binding energy per CO on Mo edges is -0.9231 eV. However, under the 2 ML coverage, the average binding energy per second CO is decreased to -0.3470 eV, which leads to easier desorption of the second CO. This suggests that during the reduction reactions, the Mo edges have a high CO coverage (> 1 ML).
S14.Classical molecular dynamics simulation (MD)
We performed classical MD simulations to study the diffusion of various species in bulk and their molecular arrangement close to the MoS 2 edges for different electrolytes considered in the experiments. Supporting Table 5 summarizes the electrolyte systems studied by classical MD simulations. K for 1ns. Furthermore, the final configuration was equilibrated for 2ns followed by a production run of 10ns in the isothermal-isobaric ensemble (NPT) at the pressure of 1atm and temperature of 298.15 K. For the van der Waals (vdw) interactions, we used the standard 12-6 Lennard-Jones potential with a switch function and a cutoff length of 1.3 nm. The Coulomb interactions were treated via a combination of particle mesh Ewald summation [20] and a switch function with a real space cutoff of 1.3 nm and FFT grid spacing of 0.1nm. Long range dispersion corrections for energy and pressure were applied during bulk MD simulations. The force field parameters for choline and chloride molecules were adopted from ref. [21] For potassium and hydroxyl ions, we used the CHARMM22 [22] force field. The interaction parameters for CO 2 molecules were obtained from ref, [23] and water molecules were modeled via the extended simple point charge (SPC/E) water model. During the simulations, all bonds were constrained. We used LINCS algorithm to keep all bonds rigid. Bulk density of each species is obtained from the NPT simulations such that it corresponds to the experimental composition of the molecules in the electrolyte system. Supporting Table 6 , summarizes the average bulk density, molar composition, and self-diffusion coefficient of all the species for different electrolyte systems mentioned in Supporting Table 5 . Supporting Figure 25 , illustrates the schematic view of the simulation setup for the electrolyte system near the MoS 2 nanoflakes. The force field for the MoS 2 atoms was adopted from ref [24] .
Structure
Supporting
The Lorentz-Berthelot mixing rules were applied for all the non-bonded interactions, except for molybdenum-and sulfur-water interactions, which were modeled according to the force field parameters given in ref. [25] In order to gain insight into the electric double layer (EDL) region close to the MoS 2 cathode, we adopted the constant charge approach to mimic the cathode in the experiments. Although specifying a constant charge on the wall is less realistic compared to the constant potential approach, it is at least an order of magnitude faster, and for planar geometries, it gives a fair description of the EDL structure at the surface of an electrode. [26] Thus, we simulated the electrolytes close to the negatively charged MoS 2 wall (left wall located at z = 0, see Supporting Figure 25 ), with charge density of e nm -3 . To compensate for this excessive negative charge, an equal amount of positive charge was located on the right wall to maintain system charge neutrality. In other words, the channel shown in Supporting Figure 25 is actually a capacitor with electrodes made of MoS 2 of charge density of e nm -3 .Note that there is a large enough distance of 17 nm between two electrodes to avoid the overlap of EDLs and ensure enough bulk-like region in the system. In each of the confined MD systems, the number of species was tuned so that the density in the channel center (where no oscillation of density is observed) matched that of bulk densities of NPT simulations given in Supporting Table 6 . It should be noted that all the density distributions are measured relative to the position of the outermost Mo edge atom in the z direction. Figure 26 . Classical MD simulation results of the center of mass number density distribution of various molecules in 50% vol EMIMBF 4 electrolyte system close to the negatively charged MoS 2 wall with charge density of . The zero on the z axis is set to the outermost Mo edge atom location.
Supporting Figure 26 shows the EDL region in 50% vol EMIMBF 4 electrolyte system close to the negatively charged MoS 2 edges. As shown in the figure, when exposed to the negatively charged cathode, the EMIM + ions are accumulated closer to the surface due to the electrostatic attraction, while the BF4 -ions are repelled from the electrode. Furthermore, the CO 2 density profile exhibits a very small spike at ~1.7 Angstrom. This can be attributed to the large size and steric effect arising from the presence of EMIM cations close to the cathode surface, which in turn restricts the accessibility of CO 2 molecules to the active edge sites. Figure 27 . MD simulation results for the center of mass number density distribution of various molecules in choline chloride (2.0M) electrolyte system close to the negatively charged MoS 2 wall with charge density of . Inset shows the zoomed-in region of CO 2 first density peak in the EDL close to the interface. The zero on the z axis is set to the outermost Mo edge atom location.
Supporting Figure 27 shows the number density profiles of various molecules in the EDL region of choline chloride (2.0M) electrolyte system close to the negatively charged MoS 2 edges. Figure 29 ), exposing more available reaction sites for the CO 2 reduction. Thus, from classical MD simulations, we observe that for the EMIMBF 4 and choline chloride electrolyte systems, where the CO 2 first density peak is of the same order (see Supporting Figure 28 ), self-diffusion coefficient of the CO 2 molecules can be one of the influential factors for observing the higher experimental current density in the choline chloride solution. It can be seen that by adding KOH to the system, the first density peak of CO 2 molecules becomes almost 19 times higher compared to the choline chloride system. As a corollary, there are more CO 2 molecules to participate in the reduction process with the presence of KOH. This indicates that such a higher first density peak of CO 2 molecules can play an important role in the reduction process. To examine the effect of the molarity of choline chloride solution on the current density, the COM number density profiles of CO 2 and choline molecules near the negatively charged cathode surface are shown in Supporting Figure 31 . It can be seen that in the 1M choline chloride solution, both CO 2 and choline density profiles are enhanced. It was shown by the DFT results, [27] that the CO 2 molecules have a large interaction energy with components of choline chloride solution. This suggests that aqueous choline chloride solution acts as agents to capture CO 2 molecules. In Supporting Figure 31 , it can be seen that an increase in the choline concentration, exposes more CO 2 molecules to MoS 2 NFs cathode for an equal wall charge density. Thus, the higher availability of CO 2 molecules to the reaction sites can increase the reduction performance. However, it should be noted that the increase in choline chloride content can adversely affect the species transport from the bulk to the cathode surface (see Supporting   Table 6 ). Therefore, there is a trade-off in increasing molarity of the choline chloride and diffusivity of reactants toward the cathode active edge sites.
Supporting Figure 31.
Comparison of CO 2 and choline COM number density profile in electrolyte systems IV and V for wall charge density of .
